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Conclusions: The result of the present study indicated marrow-derived
mesenchymal stem cells may play an important role in the process of
rotator cuff tear healing to the bone interface.
132
PROLONGED EXPOSURE OF JOINTS TO BLOOD IS MORE HARMFUL
THAN SHORT-TERM INTERMITTENT EXPOSURE: A CANINE IN VIVO
STUDY
M.E. van Meegeren1,2, G. Roosendaal2, S.C. Mastbergen1, F.P. Lafeber1.
1Rheumatology & Clinical Immunology, Univ. Med. Ctr. Utrecht, Utrecht,
Netherlands; 2Hematology and Van Creveld Clinic, Univ. Med. Ctr. Utrecht,
Utrecht, Netherlands
Purpose: Exposure of cartilage to blood can occur after joint
trauma, during or after major joint surgery, or in hemophilia
patients. This ultimately leads to joint damage, having both
the inﬂammatory characteristics of rheumatoid arthritis and the
degenerative characteristics of osteoarthritis. It was shown in vitro that
exposure of human and canine cartilage to 50% v/v blood for 4 days
leads to irreversible inhibition of cartilage matrix synthesis. In humans
the natural evacuation time of blood from a joint is considered to be
4 days. In dogs however, it appeared that the evacuation time is much
shorter; within 2 days blood load decreases to less than 5% v/v. It
has also been shown in vitro, that 2 days exposure of at least 10% v/v
blood is needed to induce irreversible cartilage damage. As such, Beagle
dogs injected intra-articular with autologous blood twice a week during
4 weeks did not develop permanent joint damage. This tempted us to
compare equal blood loads (total cumulative volume injected over time)
by a) intermittent injections mimicking quick aspiration from the joint
after each bleed and by b) daily injections mimicking a continuous blood
exposure as seen upon a human joint bleed.
Methods: Fifteen skeletally mature Beagle dogs, mean age 2.1±0.1 years,
weighing 9–15kg were used. In 8 dogs left knees were injected intra-
articular with freshly collected autologous blood twice a week during
four weeks, with at least 2 days in-between to induce intermittent short-
term blood-exposure. The contralateral knee of these dogs served as a
control. In the other 7 Beagles left knees were injected for two periods
of ﬁve consecutive injections (max 24 hours in-between) leading to
two continuous blood loads with more than a two week interval over
a period of 4 weeks. To check for possible synovial inﬂammation by
repeated intra-articular injections, in this group the right knees were
injected at the same frequency with an equal volume of saline. Ten weeks
after the last blood-injections changes in biochemistry of cartilage were
determined in terms of proteoglycan synthesis, -release, and -content.
Inﬂammation of synovial tissue was evaluated macroscopically.
Results: There was no difference in proteoglycan turnover and synovial
inﬂammation between the control legs of both groups (non-injected vs.
saline injected joints).
In the blood-exposed joints of both groups proteoglycan synthesis rate
was increased, suggesting repair activity of the cartilage (p< 0.05).
However, the increased proteoglycan synthesis was ineffective in the
continuous prolonged blood-exposed knees, since the release of newly
formed GAG release was increased in this group (p < 0.05). Also, the
total release of proteoglycans (primarily resident proteoglycans) was
increased in case of continuous prolonged exposure (p < 0.05) but not
in case of intermittent short-term exposure. Ineffective synthesis and
enhanced release led to a statistically signiﬁcant (p< 0.05) decrease in
proteoglycan content in case of continuous prolonged exposure but not
in case of intermittent short-term exposure.
Mild synovial inﬂammation was observed due to blood injections,
statistically signiﬁcant for both groups (p < 0.05). There was no difference
in synovial inﬂammation between the two groups.
Conclusions: In this canine joint hemorrhage model it is shown that
a two times 5-day continuous exposure of a joint to blood, and not
intermittent short-term exposure of a same blood load (total cumulative
volume injected over time), leads to persistent cartilage damage in terms
of proteoglycan turnover. This implies that the duration of blood exposure
is more important than the cumulative blood load for the induction of
long-lasting cartilage damage. As such, quick aspiration of a joint after a
joint bleed will protect the joint from blood-induced damage.
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Dept. of Orthopaedic Surgery, Tohoku Univ., Sendai, Japan
Purpose: Joint immobilization is commonly used as a treatment for joint
injuries and diseases. However, it also causes unfavorable outcome such
as joint contracture. In our previous reports, restricted range of motion
(ROM) was restored after incision of a capsule, which suggested that the
capsule was one of the most important causes of joint contracture.
Joint hemorrhage is usually occurred by joint trauma and diseases, such
as intra-articular fractures, ligament ruptures and haemophilia. Some
researchers have reported blood-induced joint damages using animal
models. Though inﬂuence of blood on a synovial membrane (SM) and
cartilage matrix was reported, precise mechanism was still controversial.
The purpose of this study was to elucidate the morphological changes of
the SM and the capsule, and measure a joint angle in rat immobilized
knees after intra-articular blood injections.
Methods: Animals: The unilateral knee joints of Sprague-Dawley rats
aged 12-week old were immobilized at 150° of ﬂexion with a plastic
plate and metal screws for various periods (1, 3 days, 1, 2, 4, and
8 weeks). Sham operated rats had holes drilled in the femur and
tibia with screws, but the plate was not inserted. After the operation,
the rats were divided into three groups: Immobilized-blood injection
(Im-B) group, Immobilized-normal saline injection (Im-NS) group, and
Sham-blood injection (Sm-B) group. Fifty ml of autologous blood were
administered intra-articularly for the Im-B and Sm-B groups just after
the surgery. The same amount of normal saline was administered for the
Im-NS group.
Histology & immunocytochemistry: Parafﬁn embedded 5-mm thick sagittal
sections in the medial midcondylar region of the knee were made. The
sections were stained with Elastica-Masson to observe morphological
changes of the SM and the capsule, and with Perls’ Prussian blue
to visualize iron deposition in the SM and capsule. Distribution of
myoﬁbroblasts was observed by immunostaining of a-smooth muscle
actin (a-SMA).
Measurement of a joint angle: A special apparatus for taking lateral x-rays
of the knees were made and the angle between the femur and tibia after
total extra-articular myotomies were measured (1, 2, 4, and 8 weeks:
n = 6/ each group). We set three torques (450, 900, 1350 g-cm). To know
the inﬂuence of the posterior capsule, it was incised with a surgical knife
after measuring the angle at the maximum torque. After the release, the
joint angle was measured again with the maximum torque.
Fig. 1. BC, blood clot; Asterisks: adhesion area; JS, joint space; Arrow
head: iron deposit.
Results: Histology & immunocytochemistry: Blood clot was observed
around the posterior capsule until 3days in the Im-B group. The blood clot
was disappeared within 3days in the Sm-B group. Adhesions between
the postero-superior synovial fold and SM around the posterior horn of
the medial meniscus were observed after 1 week in the Im-B group. The
adhesion area extended to the posterior side to diminish the residual
joint space after 2 weeks. These changes were more severe in the Im-B
group than that in the Im-NS group. The area was replaced by ﬁbrous but
hypocellular connective tissues after 8 weeks both in the Im-B and Im-NS
groups (Fig. 1A–D). The iron deposition in the lining cells and adhesion
areas were observed after 1 week in the Im-B and Sm-B groups, however,
done fewer in the Im-NS group (Fig. 1E,F). Though a-SMA positive cells
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were observed in the adhesion area in the Im-B group, they were not in
the Im-NS group.
Joint angle: In the Im-B and Im-NS groups, the joint angle was
signiﬁcantly reduced compared with that in the Sm-B group after 2-week
immobilization. The joint angle of the Im-B group was signiﬁcantly
smaller than that of the Im-NS group at 2 and 8 weeks (Fig. 2).
Conclusions: We revealed that absorption of the injected blood
was delayed and made severe adhesions in the Im-B group, which
might contribute to restriction in ROM. Intra-articular hemorrhage
is a risk factor of joint contracture, and drainage of the blood or
short immobilization periods might be a good strategy to avoid joint
contracture.
Fig. 2.
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IN A CANINE IN VIVO MODEL, ARTIFICIALLY ENHANCED
NONENZYMATIC GLYCATION OF CARTILAGE DOES NOT LEAD TO
DEVELOPMENT OF OSTEOARTHRITIS UPON ENFORCED JOINT
LOADING
P. Vos1, J. deGroot2, A. Barten-Rijbroek1, J. Bijlsma1, S. Mastbergen1,
F. Lafeber1. 1Rheumatology & Clinical Immunology, Univ. Med. Ctr. Utrecht,
Utrecht, Netherlands; 2Business Unit BioMed. Res., TNO Quality of Life,
Leiden, Netherlands
Background: Osteoarthritis is a highly prevalent disease, age and loading
being the main risk factor. The age related accumulation of advanced
glycation endproducts (AGEs) adversely affects the mechanical and
biochemical properties of cartilage. Animal models can be used to study
these effects.
Purpose: The hypothesis that accumulation of cartilage AGEs in
combination with enhanced loading induces osteoarthritis and that
loading alone will be insufﬁcient to induce OA was tested in an in
vivo canine model.
Methods: To artiﬁcially increase cartilage AGEs, right joints of 8 dogs
were repeatedly injected with ribose/threose in PBS, left joints with PBS
alone as a control. The dogs were exercised actively in outdoor pens to
enhance loading. After 54 weeks joint tissues of all dogs were analyzed
for biochemical and histological features of OA.
Results: Cartilage pentosidine (a marker of AGE) levels were 20 fold
enhanced (p =0.001 vs. PBS injected joints) at the end of the experiment.
On average the macroscopic cartilage damage was slightly more severe
in the AGEd compared to the PBS injected joints (0.19±0.07 vs 0.33±0.12
respectively; p = 0.084). On average the proteoglycan (PG) synthesis is
lower in the AGEd joints compared to the PBS injected joints (2.35±0.4
vs 1.91±0.23; p = 0.05). For the % total and newly formed PG (42.14±4.5
vs 39.71±4.09 and 18.52±3.04 vs 16.85±2.54, respectively), as well as the
PG content (32.35±1.16 vs 32.71±2.75) no statistically difference could
be found between both groups.
Conclusions: Artiﬁcial AGEing of a joint, leading to cartilage mimicking
a pentosidine level of very old animals, is insufﬁcient to develop OA in
case of prolonged active loading.
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Dept. of Orthopaedic Surgery, Tohoku Univ., Sendai, Japan
Introduction: Joint immobilization is a useful and commonly performed
treatment modality in orthopaedics. However, it also causes unfavorable
outcomes such as joint contracture, periarticular osteoporosis, and
cartilage degeneration. Once joint contracture is established, it is
extremely difﬁcult to regain a full range of motion (ROM) with vigorous
and extensive rehabilitation, or even with surgical treatment. In our
previous reports, ROM increased after the posterior capsular release in
a rat knee ﬂexion contracture model, which indicated the capsule was
one of the main causes of joint contracture. Further, angiogenesis factors
of transforming growth factor-b1 and connective tissue growth factor
increased in the capsule after prolonged immobilization. This result
might indicate presence of hypoxia in the capsule after immobilization.
The purpose of this study was to elucidate the changes in the number
of blood vessels and cells in the capsule, and presence of hypoxia by
hypoxyprobe-1 (HP-1) stain in the rat knee contracture model.
Materials and Methods: Animals: Unilateral knee joints of adult male
Sprague-Dawley rats (body weight 380–400g) were immobilized at 150°
of ﬂexion with a plastic plate and metal screws for various periods
(3 days, 1, 2, 4, 8 and 16 weeks) (immobilized group, n = 5/each period).
Sham operated rats had only screws inserted unilaterally for the same
experimental periods (control group, n = 5/each period). The other 5 rats
were prepared for HP-1 injection by the same immobilization methods
(1, 4, and 8 weeks) and the contra-lateral knee was used as a control.
Tissue Preparation: Parafﬁn embedded 5-mm thick sagittal sections in the
medial midcondylar region of the knee were made. The sections were
immunostained with a rabbit polyclonal alpha smooth muscle actin
(a-SMA) antibody (abcam, dilution 1:100) to count the number of blood
vessels. The sections were stained with Elastica-Masson(E-M) to count
the number of cells in the capsule. The sections after HP-1 injection
were stained with hypoxyprobe-1 (hypoxyprobe inc., dilution 1:400).
Number of Blood Vessels and Cells: The capsule was divided into 4 areas
(antero-superior, antero-inferior, postero-superior and postero-inferior
subdivisions), and the number of blood vessels and the cells in the
capsule per unit were counted using image analysis software.
Statistics: Differences between the immobilized group and the control
group were compared at each time point by unpaired t-test. Data were
expressed as mean ± SD. A value of p < 0.05 was accepted as statistically
signiﬁcant.
Results: Number of Blood Vessels: The number of blood vessels in
the antero-inferior and postero-inferior capsule per unit signiﬁcantly
decreased in the immobilized group compared with the control group
after 4 weeks (Fig. 1).
Number of Cells: The number of cells per unit in the control group did not
differ throughout the experimental periods both in the anterior and the
posterior capsule. In immobilization group, the number of cells per unit
in the capsule peaked at 3 days and gradually decreased after 1 week.
The number of cells per unit in the immobilized group was signiﬁcantly
higher than that in the control at 3 days, 1 week and 2 weeks and
signiﬁcantly lower at 8 and 16 weeks (Fig. 2).
Immunohistochemistry of HP-1: HP-1 was detected in the capsule around
the blood vessels, and the intensity in the posterior capsule was much
stronger in the immobilized group compared to the control group
throughout the experimental periods (Fig. 3).
Fig. 1.
